® 



Eur paisches Patentamt 
European Patent Office 
Offic europeen des br vets 



(ll) Publication number: 



® 



EUROPEAN PATENT APPLICATION 



0 599 251 A1 

J* 



@ Application number: 93118776.9 
(g) Date Of filings 22.1t.63 • 

<-•'•• ■■• .'-Si \ * 



*" " .^t //cifiN3D?ii8;a4:DN407Q.o, 

- :<G1GM^69/04v1O7:5Or1^^^^^ 

• %2^:54; 1 ^5^06, 1 31-:1^;i"35^04, 
1 35:06r1 35;1 Q, 1 ^JjSil-S ,,13^:22, 
1 37:02 J 37:04, 137:08, f 37:1 b; 



® Priority: 20.11.92 JP 312190/92 

® Date of publication of application: 
01.06.94 Bulletin 94/22 

@ Designated Contracting States: 
DE GB IT 



0 Applicant: COSMO OIL COMPANY, LTD 
No. 1-1 Shibaura:1-chome.;:> ' 
Minato-ku • .L.H.;/ 

Tokyo(JP) 

Applicant: DOW CORNING JApAN^ LTD. 

15- 1, l-chome, Nishi Shinbashi 
Minato-ku, Tokyo(JP) 

Applicant: VISCODRIVE JAPAN LTD 
Toranomon Center Building 8th floor 

16- 17 Toranomori 1-chome 
MInatu-ku 

Tokyo(JP) 

@ Inventor: Yano, Norio 
2-47-11, Iwana 
Noda-shi, Chiba(JP) 



4-6-13, Chuo 

Kukl-shi,VlSaitdfna(JP| _ . : a ; * 

Inventor: FukU'h^railkijb ' ^^ i'^K 
4-204-306, Hanaguri ' ^ ^ ^ ^ 
Soka-shii:S^|tan9a(4P), : - - - . . --n ^ 
Inventor: Yuhashj; Yukip / „> : v>^ 
70-2, Sakae.^itakawabetmachi , 
KitasaltaifAa^n, Sa!tdm^( JP) : ^ '-^ r 
Inventor: Piildicla, Masfa'hlRo : 
1-9-28^ Fiitaba: " ^ '^j^^ 
Utsurrairniya^shi, TochigKJI?) - - . \ - 
Inventor: Tohyama, Manabu 
i J 1 459p1 -201 i fJinOitiiya; Ninomiya^machi 
Naka-gun, Kanagawa(JP) 



® Repres9ntative:jl:ianseh, Bemd,'Dr.', 
; : DipL-Chem. et.al . r , 

Hoffmann, Eitle & Partner, 

Patentanwaite, 

Arabeliastrasse 4 
. D-81925 MUnchen (DE) 



^ ® Fluid composition for use In viscous coupling. 



1^ (§) The present invention provides a stable working fluid for use In* a viscous coupling which is insusceptible to 
N viscosity decreases due to thehfmardecdmpositioh as well as viscosity iricre'ases or gelation.' which Gornprises a 
^ specific polyorganosiloxarie as a base oil having one or more selected fronn the group consiistihg of sulfonate, ; 

phenate and salicylate incorporated therein, ^and which may further comprises sulfur, phosphorus- and chlorine. . 
in compounds incorporated therein. M . 'U^ - 
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■FIELD OF THE INVENTION • . r 

s The J present invention relates "to a ^luid composition for use in a viscous coupling Insusceptible to 
viscosity decreases and gelation during prolonged use. 

BACKGROUND OF THE INVENTION 



A viscous coupling is a shaft coupling which depends on the viscosity of a working fluid for its action 
and is mounted in a differential mechanism or on a propeller shaft as an aid to achieving cruising stability of 

70 automobiles or extricating the automobile from off-road conditions. Its durability largely depends on the 
- performance ^ot the working 'fluid with which- it Is fillecJi Alviscous- coupling is composed of a housing, a hub 
and several tens of thin annular iron plates attached to each of the housing and the- hub, 'with a highly 
viscous v^^orking fluid beirtg -cdnfirieij* in* the eoupli n g^VVheh- a "^d iff ereric^^ speed is created 

between the plate assemblies on the hub and housing sides, a shear force is exerted on the two plate 

75 assemblies and the torque generated on account of the viieosity -of the7working fluid is either transmitted or 
used to control the difference in rotational speed. The construction of a typical viscous coupling is 
described -jn-^JP-iBi58-48779 .-(The"'fe*rm'"-i"JP-B"' as usVd ^herein - means an-^^examined Japanese patent 
publication"): vr-- s:,z^-:/r; y:'^,-^'^^ r --., 'H n* • . s . 

rAs described . above; a^ vrsGOtiS' d^tiiiipling depends "biVtW?^ visSbus drag of the wbr-king fluid for its action 
20 and If iti is"^to^be'installed in "an autonriolDile/it is' required tha^ coupling 6e of the srylallest possible size 
^ and : yet :be 'Capable of geheratirigVthfe. necessa^^ working fluids'^of corriparati vely - high 

viscosity :Nave been erh ployed With viscous couplings. Ofter requirements for Working fluids us§6 In viscbiis 
•icoupiingsvare a small temp'e'rature'^dopehdenGy M therviscos^^ and" a high stability at Elevated tempera- 
tures:- While silicone fJ.uids have -been "convehtioh^^^ fluids, the'- most common rs' a 
25 - dimethylpolysiloxane fluid having' B' -viscosity of 5.000 'td '500. OOG centistbftes (cSt) at 25" C. ' ' 

However, this fluid 'has ^a pdteritial- to' bec^ generation from' shearing action on 

-the fluid or' the friction between' platei assemblies and it M&n hapiDehs thiat''dufing 'prb'lbrfged use, the fliiid's 
viscosity increases^ untir it: eVentuaHy gels^lf the working- fluid in a viscous coupling Ijndergces a significant 
'.changeiin itswiscosity or if it gels, the initial setting for"th'e perform'arice of the viscous coupling is no longer 
30 applicable. This has been the problem with conventional working fluids or viscous couplings that" requires 
. solution. . On the other «hand;- if the working -fluid in '^a -Viscous coupling is " heated to relatively high 
•temperatures, it' undergoes tliWmar 'decomposition tiiat'c making' it impossible to 

"maintain the initial setting for the performance of the viscous coupling.'- • - ' 

r Ini-any attempt to -impr6\/0 the heat resistance -of 'polyorgahosiloxanet' t^^ of ' various heat 

35 stabilizers has been stddiecJ.' On^the other hand, for th'e fluids for use in a viscous coupling, the addition of 
sulfur compounds (as disclosed in JP-A-64-65159 (The term "JP-A" as used herein' meafhs ^n "uriexarriined 
^pubfished.' Japanese patent: application")) ahd phosphorus compounds (as diseioseci in JP-A-2-91 196) has 
been proposed. • . v r . ' o: . :0'*f : ■■ v ^ - : • ' , 

. White the addition of such a sulfur^ compound or -phbsphbrus compound is confirmed 'to have a great 
40 effect of inhabiting the- viscosi^ty Increases of gelatibn/due' td this polymenzafrorl' or crossliriking of a 
polyorganosiloxane,' it is* not'^'effectlve enough to Inhibit the visedsity'deereases diie'to thermal' decorriposi- 
t tioncr * i^' . oii^ -t;; :0 " . .s- >■ i ' ' "J"' " ^-.^'k;'? ' ^ . 

:.. '.y.-^ ■ • • . .■ i-: ix^y^ i^v • ■ -s^ - 

SUMMARY OF THE INVENTION - ^ u 

' It is therefore an object of th^e present' invention to provide a'^stable workihg-flui'd fof u'se in a Viscous 
coupling that is insusceptible to viscosity decreases due to therhna! decomposition a$ - well as viscosity 
Increasesror gelation. • . .^^i ■ v\. . * 

The inventors made ' extensive studies to develop a working fluid- tha! oyercorhes the foregoing 
50 difficulties and would perform stab!e*Tbr a prolonged (D'enod when li^fed'lh a-viscous coupling. As a^fesult. 
the inventors^ound that a stable working fluid for use^ in a' viscous coupling that is ihsusceptible to Viscosity 
decreases due to thermal dedom'position can be produced by incorporating " a sulfonate; "phenate or 
salicylafe^'ln a^ polyorgan'oslloxane fluid as *a base 'oil and that a stable' worklHg' fluid for use in a viscous 
coupling that is also Insusceptible to, viscosity increasiss or'gefatioh can be produced by further i^icoPporat- 
55 fmg.a sulfur, phosphorus or chlorine compound in the ^oregorng system. The present in veViti'on hai been 
..'aecompHshed^on the-basis of this finding. i : i^r. . J ... . . -»> 

^The foregoing and other objects of the present Invention will become' more" apparent from"^ the fbiloWirig 
.•[deftailed description and examples. •* • " ' * ■ ^'^^^-^ ^ vjj ^ ' • . 

2 
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The foregoing object of the present invention can be attained by a fluid composition for use in a viscous 
coupling comprising the following components (A) and (B): ' 

(A) A polyorganqsiloxane having a viscosity of 500 to 500,000 centistokes at 25 :C represented by the 
following average unit formula (1); r,.^-. , -.r, . » . ' : . 

V .- : s - ./ • " 

...... , ...'>■:■ -r:. =^2^ . ; l.-.:; i - . ^ 



70 



wherein R^, represents , a -h^rocarbqn .grpupv qf -,;ha!.ogeO;at^.dy hydrocarbon, group; i.andjthe suffix.^ a 
. ^represents a number oi 1.9. to ^^.i j anf^-. . ^-..j c(;/^':uj\:" - o -^o^. v f . o n. -. j to : ■ 
' Qhepr.more.se|ectec! fr^ pjjeo^te. andK$,aiicyi9te^r-::* . 

75 , DETAILED DEgCRipTjQN .OFiTKE. INV^NnTlON ..^.^ ^ ,o . :r • r - ^ 

The base, oil , of -the,, fluid compositigijK.ac^ro^dingi toy the* pr^?(9nt .invention ;isua? poly oi!gaaosi4^^ 
represented by the average unit formula (1). in which represents a hydrocarbon group or"halQge*?iated 
hydrocarbon group. ^JUu^rativ^ hydfocarboQ groMps.jEyev,Ce>-ia.s^a?gh^^^ or.branqhed, saturated or 

20 unsaturate^ aliphatic ,hydp(^^6n,group?j>(e;-g^r^lKMl>:^3lkenyi^^ hydrocarbon, groups. 

Illustrative^.halogenated hydrocarbon grpups are <.jtl§ !3y4''PP2i?bpn groups Ji.stedf above in wbich-at least, one 
..hydrogen -atom \% .replaced,By a. halogen . atprTu(a,g-,c.flMpnn^^ pWprj«e, jbrpmipe; i<?dine).: Desirablq aliphatic 
hydrocarbon groups "ancl^^halpgenated alip|7atiajhydrpegrbpn.:,grou^ -l-.rtQp'B .tearbon 

atpm,s, such^ as , methyl, ethyl, ^iJrty|, ^hexyl..^GGtyl,ytriJ^up.r^ 
25 hydrocarbon groups 'in(yucle phenyJv.to.Iyi and gyfy I- groups. Thea^ .^pup^.yyhich ;are: bound .to silieontatorns 
may , be the sarpe or-jdiffe^renU gqLyorganosiJp of 
branched portio/iijf being ^optionaily .Rre^er|t. pXAftt^i /polyorg^^^ of the fornnala':i(1).^4he 

suffix.^ is clQge..to 2.0 if.they are..straigj^t7chain^dxa^^ is greater 

than 2.0 if they , have, jow molecular, jr^^.^ight?, T^)e suffi^\a7 is, •..smaller than .2:0 if they 'Contain t branched 
30 - moieties,.. ^ ;bii5.; o^iv'%ovv i^n r.- ■r~:s,-,-. ■ ^ . o,..-;:, 

. Examples of the poJygrga^nosiloxanej.tOjsbe us^d injhe present inyention. include polydimethylsiioxane, 
jDolydimethy Irmethy Ipheny Isilbxa^e, , polymethyjjghenylsi Iqxan^, pplydjrpethyJ-diphenylsiloxane;. . polymethy I- 
hexylsiloxane, polymethyloctylsiloxaner, ,^vpolynr\ethyf^^^ , / and , ::polydimethylmethyl- 

, trifluoropropylsilqxane. Besides :tfiese,.j;wnnqpoly^ aj:)diPqpoJym§rs, mixtMr&$tJbereQf rnay be entployed. 
35 . . Th^ molecularxhain 9f the qplyorganqsilo^ape -^luid Js preferably, terminate?l -vy»th a triorganosilyl grotips, 
such as.ltrimethylsiilyl.pr.triethylsn -.-i^- '•.li---*. \^'h:<'' ;. 

jhe polyprganosilpxarjie fluicte Usted above have ^viscosities at 25.^;C-in the range of from about 500 to 
about 500,000, preferably from about 3,000 to about 500,000, more preferably from about 4,000 .to 450^000, 
particularly frqm^ abqut 5,000 to. 400^000 cer>tistGkes. If their, viscosity! .is too slow, they produce such a small 
40 viscous, drag, that the - capacity, .of, the. visqous^poupling must; be greatly .increased. If their viscosity .is: too 
high, thej;^, produce su<*.^ highViscpus. drag that ^excessive heat generation. may impair the durability. of the 
viscous coupling. In the composition of the present invention, the polyorganosiloxane fluid is incorporated 
as a base oil. The base oil content assumes the major proportion of the composition, usually In the range of 
from about 90 to 99.99 wt%. preferably about 95 to 99.95 wt%. of the compositiop: ' ' : \hi 

45 In the present Invention, the base oil (A) made of the foregoing polyorganosiloxane comprises a srnall 
, amount of one^or. moreiselectecj f{om the group consisting of. sulfonate, phenate and salicylate incorporated 

therein. Tfiese cqrriponents will be f^^rther descn ' . .* • ' j 

Examples of the sulfonate to be used in the present invention include metallic salts of aliphatic sulfonic 
acid (R^o-^OaH. in,, which R??.jiSjan, alky I, group) and arqmatic sulfonic >acid (Ar-SQsH in which Ar is an aryl 
50 group) with ..the Group Lar)d . 11, metals of the Period.ic. Table. ExanripJes of these metals includei alkaline 
metal., alkalijie earth metal (f.g,, sodium, potassium, calcium, magnesium, barium, and strontium),- ■ • 

. Sulfonates which are, desirable ..particularly ,Jn • the present Ipventipn can be -» easily prepared, by.- an 
ordinary met^iod which cojnpri^es alJowing an alkyl-aronriatic.hy.drocarbon to undergo reaction "with fuming 
sulfuric..a^pi0,or..SO3 gas tg^ effect sulfonatiqn thereott.^^'the> allowing the sulfonated compound to- undergo 
55 ..reaction with an oxide, or hyLdrpxide of a n;vetaLof..the jGroup I or II of IheiPeriodic Table in the presence or 
absence of carbon dioxide gas. The reaction in the presence of carpon, dioxide, gas produces a perbasic 
.sulfonate: .while th^.geacrtion in -the absence of carboji dioxide gas produces a neutral sulfonate. (Methods for 
"the preparation of sulfonates are described, for example, in Henry D. Qrew. Metal-based. Lubricant 
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Compositions . Noyes Data, 1975. pages 3 to 6 and 33 to 61). The alkylaromatic hydrocarbon to be used in 
the preparation method is represented by the'general formula Ar(R^^)(R22) wherein Ar represents an aryl 
group, R^^ represents a hydrogen atom or Cio-22 alky I group and R^ is preferably a C8-22 ajkyi group if 
is a hydrogen atom or C3-10 alkyi group if R^^ is an alkyi group. Examples of the Cio-22 alkyi group 
5 include dodecyl group, tetradecyl group, hex^deeyl group, octadecy'rgroup.'oleyl group, and hydrocarbon 
group derived from oligomer of olefin such as propylene and butylene. Examples of the C3-10 alkyi group 
include propyl group, butyl group, hexyl group, octyl group, and nonyl group. 

The phenate to be used in the present invention-is a phenolate. Preferred -examples of such a phenolate 
include salts of sulfide of an alkylphenol having a Cb-so alkyi group added thereto with alkaline earth metals 
JO (preferably calcium, magnesium, barium). These phenolates are described, for example, in JP-A-57-142393. 
As one of -these phenolates there is'cb'mrhercially waiikbTe & frbm Cosmo Oil Co.. Ltd. 

The- sWlibylat© to b'e^uWd'' in tHfe present mVentidW is' preferably a saiicylate'df an alkaline earth metal. 
Typical examples of such a salicylate of an alkaline earth metal include salicylates of dalcium' and 
-magnesium. In^generai, these salicylates can 'be bBtain^^^ by \lkyia;tin^ phenol 'with a C14-18 a-olefin, 
75 making a salt of the alkylated phenol with an alkaline metal, allowing the salt to undergo Kolbe-Schmitt 
reaction to introduce carboxyl groups thereinto, and then subjecting the material to double decomposition or 
the like to produce a salicylate of an alkaline earth metal. These salicylates are described, for example, in 
JP-B-61 -24560 and JP-B-61 -24561 . 

■ The corhponent (B) is' 'preferably- blended in the Ccirnpositioh of 'the present invention in an amount of 
20 0.01 to 10 wt%, particdraiiy O.H* to 5 Wt%. if 'tKe Content df 'tine" conipohent (B) falls below 6.01 wt%, a 
sufficient effect of -^inhibiting the' vfecoslty ' decreases &rih6i^ attained. On the contfary,' if the content of 
the component (B) exceeds 10 wt%, tfie irrvprovemehtln ^^ocii an effect^'ra be expected too much. 

With the addition of only the components' ^(A) and (B); the coiripositidn of the present invention can be 
rendered insusceptible'tb -viscosiV 'd^ Furtheffwith the addition of one or more selected from the 

25 '"groUp consisting of'sul?url:6mpoands/^ph6siDKbrtJS compounds arid chlorine compounds represented by the 
following general formulae (I) to (XI), the composition of the present invention can be rendered insusceptible 
also to viscosity increases or gelation. 

(I) Hydrocarbon sulfide represented by the general formula (2): 

30 R2-Sx-(R3-Sk)„-R2 (2) \ . 

wherein represents a hydrocarbon group; R- represents a divalent hydrocarbon group; the suffix x 
represents an integer 1 or more and may be the same or differertt In the recurring unit; and the suffix n 
represents 0 or an integer 1 or more. 
35 (II) Sulfurized oil or fat which is the reaction product of an oil or fat and sulfur. 

(Ill) Zinc dithiophdsphate'represented by 'the general form ' 



40 



45 



50 



55 



r5 



wherein R*, R^, R^ 6hd R^ which may be the same or different each represents a hydrocarbon group. 
(IV) Dialkyldithiocarbamic acid metal salt represented by the general formula (4): 

N~ C-S-Me-S-C-N : ( ) 



r5. 



wherein R^, R^; R^° and R^^ which may be tKe same or different eacfiVepreserits an alkyi group; ^d Me 
''represents a metal seliected from the group consisting of Zn, Pb, IA6' ahrfSb^ ' * " ' 
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(V) Elemental sulfur. ^ . . . , . 

(VI) Hydrocarbon sulfide represented by the^geiniefal formula (5): 



TO 



/5 



20 



25 



13. 



wherein R^^ 3^^! .Bl^ each_ represents a:ilival6^p\t/bydi;pcarbp the ,suffi)?^x Represents, an Integer 1 

or more and may .bo the..sam9 or <i;f(erGntJci. to^B-regurring^^^ the suffix nj repces&nts-.Q-or an 

integ^^l or mo?(^.^;.;" /: ..''v/'^vv:: .c V. - ^c.eo,. 

(VII) Phosphoric .ester, phosphorous .ester, thipphosphpric. ester tPr. dithipphosphpric, ester represented by 
the general' fprmula (6): " ^ ,\ . / , > v ^ > , ; ^ WC' ^ • ; : « . r 



(R'*)bH3-b,X3PX, ^,;(6)-,. \. 



wherein.R^* represents a^monoyalent hydrQqar^on;.the,jsuffjx.^,r^Rj:esents.,a^^ 2, or 3; the suffix 

c represents p or an integer ij.and X represents, an. oxygen atorn er sulfur; atom. , • 

(VIII) Alkylaniine salt pf . acidic pl^psphprlc .estei^,.. acidic phosphprogs^^st^r;. acicjic ttiiophosphoric ester or 
acidic.dithipphosphprjc ester represented. by , the genera],,foaTiula.j(3). - . ' - . , 

(IX) Reaction product of; hydroca^^^ . .. . * 

(X) Composition cpnt^ining phosphorgs aijid .nitrogen .pbtain^^ with an.arnine.4he reaction 
product, of (i) a .hydroxyjrsubstituted tjiester.^Qt..di}hiop.bo^ ^ 



30 



35 



(7) 



(wherein R^^ and R^^ each represents a. monovalent hydrocarbon; -and. R7 represents a divalent 
hydrocarbon) and (ii) a phosphoric acid, phosphorus oxide or halogenated phosphorus. 
(XI) Diester represented by the general formula (8): 



40 



45 



50 




(8) 



wherein R^^ and R^^ each represents an alky I i^roup. 
55 These sulfur compounds, phosphorus compounds and chlorine compounds will be further described 

' hereinafter. 

Jn the^.sulfur compoynd .(|j[^repre^^ nted by , the. general formula (2). the group R^ is a hydrocarbon. 
Examples of such a hydroc^bon, group include C2-20 straight-chained or branched, saturated or unsatu- 
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rated aliphatic hydrocarbon group (e.g., aikyl. alkenyl), and aromatic hydrocarbon group. Specific 

examples of these hydrocarbon groups include ethyl group, propyl group, butyl group, nonyl group, dodecyl 
group, propenyl group, buteny! grpup, benzy] group, phenyl group, tolyl group, and hexylphenyl group. The 
group R3 is a divalent hydrocarbon group such as C2-20 straight-chained or branched aliphatic hydrocarbon 

5 group and C6-26 aromatic hydrocarbon group. Specific exanrtples of these divalent hydrocarbon groups 
include ethylene group, propylene groupv butylene group, and phenylene group. Typical examples of the 
sulfur compound (I) include olefin sulfide, and polysulfide compound represented by the general formula 
Sx-R^ (in which x is an integer 2 or more)r'Spedfic examples of the sulfur compound (I) include diisobutyl 
disulfide, dioctyl polysulfide, ditertiary nonyl polysulfide, ditertiary butyl polysulfide, dibenzyl polysulfide, 

70 sulfurized olefins prepared by sulfurizing olefins such as polyisobutylene,and terpenes with a sulfurizing 
• agent such as sulfur, and the 'reaction product of isobbtyi'erie and suifurl whicKis. pi-esumed, but not proven, 
•to have the- general foriVfUli*''- ' : . ; ' .. 7 . s ..,,qni - - r 7 ... . . 




"wherein X and' n have the same meahrngs'as "described^^^ " ^ ' ' 

The component (II) is a hardened oir or fat that is" the\reabti6n product of an oil. or fat with sulfur. 
. 35 lllustrative"Ms' and oils includfe' lard, tallbwV Whale oil. palm diX 'raBbnin'^oil," rapeseed and man^ other 
''animal and vegetable oil'-and fats. The reaction products of these fats "anci oils and sulfur are not sinnplejn 
thefr chemical structure 'ahdMnstead' are* mixtures of various chenriical structures which' th^ are/ not 

clearly identified. ' ^ v: : • . ' .■ • - . "» • - * 

In the zinc dithiophosphate (III). R*. RS . R^ and R^ which may be the sarne or different each represents 
40 a hydrocarbon group such as C?~2o /particularly C3-V2^str'aighVchained or branched 

rated- aliphatic hydrocarbon group (e.g.', alkyi, alkenyl) and'C&'-2o aromatic hydras group. Specific 
examples of these hydrocarbon groups include propyl groupV'butyrgrodp, ndnyrgrd^ dodecyl group, 
■ octenyl group, phenyl group; and tdl^^l group'. Specific exanriples of 'the zinc 'dithiophosphate (III) include zinc 
diisobutyldithiophosphafe/ zinc dipentyldithiophosphate. zinc''di-l7metliYlhe0tYl'dithi zinp di-2- 

45 'ethylh^^yldithiophosphate; and zinc diphenyidithiophosp^^ ' . r.^.f ..^ * _ > 

Irr the dialkyldithiocairbamate (iS/);'R^. R^, ■'R^° ana'R^^'"which;'m"a^^ each 
represents ah alky I group preferably having 3 to '20 carbon atom^, jiartibulariy 3 to 12 carbon atoms, such 
as propyl group, butyl group, nonyl group and dodecyl group. In the •corTrt;pound ;(IV),^ M 
selected frditi the group consisting 'of -Zn. Pb. Mo and Sb. Specific exanfples/of the compound (IV) include 
60 zinc dilsobutyldlthiocarbaWate, zinc diamyldithiockrbamate and ziric didpdecyldicarbarnate.^ , ' 
- ' Sulfur as the compohehf (V) is used in powder, form. When itis^'put 'into' the 'pol^^ 
and heated to about ''150 to 25d-e^ with stiri-ing, it' Will' be dissolved dr uni^ornily ' dispW^ed' in. the 
pdlyorganosilox^e fluidl ' • ' ' * " ^'^^c:- « » 

^Mn the cyclic sulfur compound- (Vl), R^^ and R'3 ;each reprebents k divalent hydrdcarbon group such as 
65 C2-2b straight-chained' or branched- aliphatic hydrbcarbon group arid C6 -26 'arorhatic hydrocarbon group. 
' Specific examples of these divalent hydrocarbon giSDup^'inclijde ethylene* grb^ propylene J^roup, butylen 
group. -and phenyl ne group. An example of the sulfur com^diind' (VI) Is'iSi cortip>dund' repress 
following general forrhrula: -5..? *J c.r rr:- •.. - = - . 

6 
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CHo-C-S-f 



-CH2-C-S-S- 



THe foregoing cyclic sjjllfur/compoM^ may,., be prepared ^ by, -.the .-synth,esis nnethod described, for 
example, in U.S. Patent 3,925,414. For example, an olefin such as isobutylen€X;nr)ay be reacted .wrtix-su If ur 
monohalide to give a product which is then reacted with an alkali mercaptide. 

In the phosphorus additive represented by the general formula (6). the group R^* is a monovalent 
hydrocarbon group such as A -20 straight-cJtiained or branched, saturated or unsaturated aliphatic hy- 
drocarbon group (e.g., alkyh alkenyl), C6-26 aromatic hydrocarbon group and cycloalhyl group. Specific 
examples of these phosphorus jaddJtives. include .nipnoocty I phosphate, ^diocty.l phosphate, trioctyl phos- 
phate, dioctyl phosphite.-trioctyl phosphite, dioctyj thiophosphate. frioctyl thiophosphate. didecyl phosphate, 
didecyl phosphite, didodecyl phosphate, tridodecyl phosphate, didodecyl phosphite, tridodecyl phosphite, 
tridodecyl thiophosphate, trihexadecyl phosphate, trihexadecyl phosphite, trihexadecyl thiophosphate? trioc- 
tadecenyl phosphate, trioctadecenyl phosphite, trioctadecenyl thiophosphate. tri(octylphenyl) phosphate, tri- 
(octylphenyl) phosphite, tri(octylphenyl) thiophosphate. tri(octylcyclohexyl) . phosphate. -..arad.. twdecyl 
dithiophosphate. 

The component (VIII) is an alkylamine salt of acidic phosphoric ester, acidic phosphorous ester, acidic 
thiophosphoric ester or acidic dithiophosphoric ester represented by the general formula (6). Among the 
foregoing components, the acidic phosphoric /ester is particularly , suitable for use in a viscous coupling. 
Specific examples of these compounds include butyl acid phosphate, 2-ethylhexyl acid phosphate? octyl 
acid phosphate, lauryl acid .pho^sphate.ipleyl acidilDhospbate^,:^^^ The alkylamine to be 

used for the neutralization of these compounds is represented by the general formula of NR23R24R25 (R23 
R2* and R^^ each represents a monovalent hydrocarbon group or hydrogen atom, with the proviso that at 
least one of R^^, R2* and is a hydrocartion group). Specific examples of these compounds include 
dibutylamine, octylamlne, dioctylamine, laurylamine, dilaurylamine, coconut amine, and tallow amine. 
Examples of these comiDounds which are CQmrpetdally .avail|ble in. the.forn) of. jSjalts. jnclude. "Ortholeum 
535" (Du Pont). "Vanlube 672". (Vand^rbuijd)^ ,and ;i'rgailube'a49^;*(^ V ' . * . . . r ' 

The hydrocarbon as .a/ starting nnatenal of .the :Compon^nt (IX) is a hydrocarbon having one or more 
double bonds arid conta Exann^les of .phosphorus sulfide as the other 

stalling' material ihd^^^ of the reaction . product of such a hydrocarbon 

and phosphorus sulfide Include those obtained by phosphosuifurizing terpenes, low molecular:-polybutylenes 
or olefins. , m ^ - « j* • . . ; . . 

. In the .^general formuraj7) ^s^ a starting , iriaterial of Jhei reiaction product (X)5jR^^^ and R^^ may. be the 
^ame-pr different and e^^^ repre^serits a rnonbvalent hydrocarbon group such as C1-25 straight-chained .or 
brariched, 'saturated or; un^^ aliphatic., hydrocarbon group ,(e.g^. alky I, alkenyl), C6-26 ,arpmatic 

hydrocarbon group, airid. cycjoalkyf group. ^l^referably.^^R^^ and R^^ •are..the:,same. and each represents an 
alkyl group. RV^ represents a. diyaje.nt hydrocarbon group havi^ng Jess than about 20 carbon atoms, such .as 
alkylehe" group and" aryl-substituted alkylene grp^p. The aniine ,to be use^ for. the neutralization- of the 
reaction produce pC) is ^n aliphatip,,arQmatic or alicyclic -primary amine having.-about 5 to 20 carbon atoms. 

Specifrc exarri pies' of -the foregoing cornpound containing phosphorus, and nitrqgen include a connpound 
obtained tDy heufralizing.the^.r^^ of ester hydroxy ethyi-p.OVdihexyldithiophosphate apd phos- 

phorus pentaoxide with,. dodecy^^^^ obtained by negtralizing the reaction prqduct.pf ester 

hydroxypropyl-O.O'-dih^exyiditfiio^^^^^^ ,^nd phosphorus pentaoxide .with ^pctadecYlanriine, a compound 

obtained by neut-aiizing ' the. reactioa product of ester hydroxyhex^yl'-O.O'-dihexyldim^ and phos- 

phorus pentaoxide with dodecylamine, a compound obtained by neutralizing the reaction product of ester 
phenyIhydrdxyethyl-0,0*-dihexy(drthi6phosphate' an^ phosphorus pentaoxide with dodecylamine^ an(! a 
compound obtained by neutralizing the reaction, pj-odyct of. ester hydroxyprppyl-O.O'-dihexyldithiophosphate 
* arid* phosphorus 'perilHoxid,e with. octadecyIarhjne..^.T^ foregoing ^nrtpound containing, phosphorus. and 
nitrogen can be normally prepared, by reacting 1 rhoi of an inorganic phosphorus chemical with about l. to, 5 
mols^of triester dithldph^ produce aji acidic int rmediate. and then substantially neutralizing .tfie 

intemnediate witfi*an'arriihe.''tt me foregoing hydrocarbon sulfide has too low a molecular weight, it is .subject 

7 
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to evaporation loss. On the contrary, if the hydrocarbon sulfide has too high a molecular weight, it cannot 
thoroughly exert its desirable effect. On the other hand, if the phosphorus-containing organic compound has 
too few carbon atom's; it cannot thorbijShly exert its desirable effect. The phosphorus-containing organic 
compound' having loo many carbon 'atoms are' -Kardly available. ' ' . . 

5 In the component' (XI) represented by the general formula (JB), R^* and R^^ which may be the same or 

different is preferably a C4 alkyi' grWpV'Preferably, R^^ and R'^ are the same 'and. each represents an 
alky I group. Specific examples of diester Include dibutyl chlorend^te, dihexyl chloren'date, dioctyl chloren- 
date, and di-2-ethylhexyl cfilorendate*: ' ^ . . ' . > 

' The f dreg ding' diester can '*^fee" prepared by reacting the carboxyl^ group in cKlorehdic acid with' a C4-8 

10 'alcohbL In 'anbtfier nom'enclaturer chlbrfejidi^^^ 1 ,4,5,6,7,'7-hexachlbrobicyc!o-(2,2,1)- 

hfeptb-5-ene-2,3^icarboxyiic add. It can be prepared by Vsp^alje'cf piels-A^^ addition of the correspond- 
ing chlorinated cydlopentadieh^^^^ • ' * - ~ • ^ ^ • 

The sulfur compound (I) is preferably blended in the fluid composition for use in .a' viiSCOus coupling 
' acdo?dirig*'to the presl^nt inventibn in 'an anripuiit 6?;^bqut*dT0tHo i 0%. by weight (hereinafter simply referred 

75 "to a's*'''°/o")', particularly about^c/'l to 'S^/o-" '. ' ' ' ' '^'^ ^ . ' ' ^ 

If the content of the component (ij'ts t6o low,' tKe dels 1 red effect cannot be thoroughly attained. On the 
contrary, if the content of the component (I) is too high, the component (A) or (I) will undergo thermal 
deterioration to an undesirably extent. This is also: the .case for the components (II) to (XI). A particularly 
preferred content of elementarsulfur as component (V) ranges from about 0.01 to 5.0%, more preferably 

20 from about' 0.05 to 2.0%. With the compositioo 'of:-the: prBsent J ny ention . the component :(B) that Is to be 
mixed with the component ^A) preferably is dissolved in the polyorganosiloxane serving as the base oil. 
Howeyer.'^thjs is not necessarily, \h0t esfsentiaJ. requirenrieetCand the rcoitipohent to be added may be merely 
dispersed in the highly viscous base oil. If desired, the component to be added may react with the base oil. 
The components (I) to (XI) exhibit their intended' effects -^vea: if they are added individually to the 

25 polyorganosiloxane represented by (A). Needless to say. two or rfiore, or two to six. of these components 
may tje^ajit^ed in admixture to "the 'jDo^organosilGxarje: in jhe. lattei- case.' the' total content of the additional 
components (I) to (XI) is preferably within the range of from about 0.01 to 10%. Unless otherwise specified, 
the contents of the componebt^ :to „be .tncoiporated: Jn: the xomposrtioti 'of the present invention are 
expressed on the basis of the total amount of the composition. 

30 It^shQuld be noted that the composition of the: present invention may comprise conventional heat 
stabilizers or other common additives incorporated therein. Taking into account the fact that the composition 
of the. present invention is to 'be exposed to. various hostile conditions lof its service as a working fluid in 
viscous couplings, it will be desirable in certain instances to additionally incorporate conventional heat 
stabilizer^ to the composition. Examples of such additives include' phosphorus compounds and chlorine 

35 compounds as disclosed in JP-A-2-91196, known oxidation inhibitors, corrosion inhibitors, and metal 
deactivators. . . : c:. - ?. " 

While the composition of the present invention is useful as a fluid composition for use in a viscous 
coupling, it is also suitable as ia fluid Coupling such as fan coupling:. * - ■ 

The fluid composition of the present invention for use in a viscous coupling is insusceptible to viscosity 

40 decreases due thermal decomposition and viscosity increases or gelation: and thus remains stable during a 
prolonged use. The working fluid of the present invention also offers the additional advantage of improving 
the wear resistance of the plate assemblies in the viscous'.couplingi thereby enhancing its durability as well 
as the reliability of an automobile using that viscous coupling. 

The present Invention will be further described in the following examples, but the present invention 

45 should not be construed as being limited thereto. The viscosity values as defined hereinafter were 
determined at 25" C unless otherwise specified. 

EXAMPLES 1 TO n 

50 Fluid compositions having the following formulations were prepared by an ordinary method. These 
specimens were then subjected to the following tests. The results are set forth In Table 3. 

All the compositions excepting those prepared in Comparative Example 1 were prepared by mixing at 
60"' C for 1 hour with stirring the necessary components in the proportions indicated In Tables 1 and 2. All 
of the polyorganosiloxane reagents used in Examples 1 to 1 1 and Gomparativ Example 1 to 3 had the 

55 terminal ends of their molecular chain terminated with a trimethylsilyl group. The calcium sulfonate used in 
Examples 1 to 11 had a specific gravity (15/4*C) of 1.125 and a calcium proportion of 12.0% by weight 
(Lubrisol 74 available from Nippon Lubrisol K.K.). The calcium salicylate used in Examples 1 to 11 had a 
specific gravity (15/4*0) of 1.025 and a calcium proportion of 6.0% by weight (Shell AC60C available from 

8 
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Shell Kagaku K.K.). The calcium phenate used in E)($mples 1 to 11 had a specific.grayity (15^4/ C) of 1.01 
and a calciunn proportion of 5.2% by weight (Oloa 218A avajlatple from blonite Japan K.k'). 

The ditertiary honyl polysulfide used in Examples 2 and 10* jand Comparative Example 3 was "f NPS" 
(trade name of Nippon Thiochemical Co.", Lid.) having a specific gravity (15*C/4'C) of 1.045, and a sulfur 
5 content of 37.5% by weight. Sulfurized oj^efin used in Examples 3,,6.and 11 and Comparative Example 2 
was "HITEC 053" (trade name of Nippon 'Cooper Co.^ Ltd.) having a.specific gravity (15 •Q/4*C) of 1.14, a 
sulfur content of '46.5% by weight and a viscosity of 9.0 cenjistokes^at 100 • C.. 

The tricresyl phosphate used in Examples 4 and 8 and Cornparatiye Example .3 , was a product of 
Daihachi Kagaku K.K. having a specific gravity. (1 5/ C/4* C) of 1,-17. a phosphorus content of 8.4% by 
10 weight and a total acid number^ o? ^O.OS nng. KQH/g.; The. zinc .^ialkyldithid^ph^ (1 ) used jri Example.jS 

cohfainea an alkyl group having 6 carbon .'atom's 'and .>yas /hiJE^ i^^^ ^^ippon Cpoper.Co.. 

Ltd.) having a specific gravity (15 'bA ^6) of 1.10. a ?vic content' olj^^^ sulfur cioritent of 

17.0% by weight. . . . ' 1 * ■"'..*^r ' ""'V 

The siloxane having an aromatic group ijsed,in Exarnpl^. 1 1. had_,a specific gravity .(g5*C) of^^t. 080. and 
75 a viscosity of 115 cehtistokes. Ethyl 702 used was "HITiC 47lb"ltrade name'of EthyrCo... Ud/)../The rnetal 
deactivator used was "AMOCO 8087" (trade /lame pf Amoco Co., Ltd.). L " . . . . _ . .^ ^ 

...... ■ ; : ! r . -. . r, -v r. fUKBlj'E,' '1 "- If ~. =V • '"V Vl. T*'.^ * T i'- 2 

• 1;: • : Poiydiinethylsi-loxane '' (300 vOQjQ GSt ) ^ - 99 '.•^'8' ' ■ 

■ ... r . -.^^ • CaXciuiTix :sUi±onate^= -i;.^ » -::-.r^ o .:2*" 

2 • J • Polycdimethyilsiioxane- ■ (.SOOv'OOQM.GSt > - "SS /2 • - 

Ditertiaryinonyl -polysulfide * v . ^ -.OLS" : 

Calcium; ;sul'f:©iiate" . r.j ^i.. :;• '.;0-:3' 

3-- Polydimethylsilaxane ^300, 000 cSt) • ' 9-9 .-2': ' 

■ .. : ; ; 01efdn.':sulf ide^ ^ ■. ' ^ 0 ^^5 ' 

CalTcium sulfonate 0 . 3'" 

4 Polydimethylsiloxane' (300/000 cSt) 98.7 

c. . ? ■ :„ Tr.icresyl phosphate . ... . iviQ* 

... Ga 1 ci uin ; SiULfonate -• r j: 0.3- 
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Example No. Composition 

5 Pbl:^^!^^^^^ i lox a ne (300,-000 c S.t ) 

; . :Zinc dialkyldi.thiophosphate 
■ ' Cai-cium 'suTf dhate'* ' 
6. 1 iPplydim^^thyliHc^^ i?OS) ,JD.OO -cSt) 



76 



Calcium salicylate 

^ i.. ..'-.r .-r : •; 7.' •.-;o'?Plydimethyasilo^<an:e-:v-t / 0 00 , cSt')' 

20 Calcium salicylate 

• •^'-'•..i. ' / -7 - * ; ■ i-" • r.fijj ur-. fs ..-^riny^ ' t r' 

;-;;ir.:.-' -^L^ - v?r?Pply4'i:m^.t^^ cSt ) 

Tricresyl phosphafre. - -ri^'r . , 

25 

Calcium salicyiate 

9 Poiy diiriet-h-y-ls i-loxanre* " ( 3t)'0 V 0 0*0 c S t ) 

30 .Galciumf -phe^^ ^ " 

* 10 Polydinethylsiloxane . ( 300 , 000 cSt) 

Diter-tiary nonyl polysulfide 
35 - : 

. Calci;um phenate 

11 Polydimethylsiloxane^^ ( 300 , 000 cSt ) 

40 Olefin sulfide 

' Calcium sulfonate * - 

^ ^ < 

S i 1 o X a n e c o n t a i ri i n a r diria t %'c group 
Ethyl* 702 ■ " ' ' 

Metal deactivator 
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Comparative 
Example No. 


Composition 


wt% 

■"•I 


1 


PolyplimethylsiJoxane j(3iP.O.OQ0 jcSt) ; 


100.0 


2 


Polydimethylslloxane (300,000 cSt) 
Olefin sulfide- • ; • ' • *" - ^ - 


99^5 
0.5 


3 


Polydinnelhylsilox^ne (300,000 cSt) - 
Ditertiafy nonyf poly sulfide^ ~ 
^ TricresyJ phospjiate ^ ^ ^, . - .r • r 


99.0 
0.5 
0.5 



75 



20 



25 



The compositions prepared in the foregoing example^ .and cdrnparativ^ examples were evaluated for 
their performance as working fluids for use in a viscous coupling. The results are set forth in Tables 3 and 
4. ■ i:irs,-\ ' c ^ zj^ j:,: Z- 

For the evaluation of thermal stability, about 40 g of the specimen oil was measured out in a 50-cc 
beaker (inner diameter; 3 .t:m). The jibeaker .vstas^ iidrlzontally jDiPac^ air circulation constant 

temperature bath where it was then heated to a temperature of ISO'C for 120 hours to determine the 
viscosity change. :r Js.i \.l •:. u T J 

For the evaluation of applicability to machine, a viscous coupling having a set of 31 plates was charged 
with tjie compositions* to a fiJI. ratio of 82-V6l%:.-The' vrscb.us-raupling^ continuously rotated at a 

differential velocity of 20 r.p.m. for 400 hours with the fluid temperature kept at 135'C. The resulting 
changes in torque and viscosity were determined. ^i^? ..:0: *: ^ •/ i^:,? : r."' 
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35 



40 



45 



Resufts of thirrhal sfabinty te^ 


Example No. '-'^ J 


> - VisGosity ehange'=(%) 


1 . 




2 ~ 




, . .,3 ~. , 




' ' 4 ■ 


-2 


5 




6 


-4. 


. .7 . ... . 




8 ' - 


-2 " 


9 


-1 


10 


-3 


11 


-3: . 


Comparative Example 1 


-10" 


jpomparative Example 2 


-51 


Comparative Example 3 


-52 



TABLE 4 



Results of applicability test 


Example No. 


Torque change (%) 


Viscosity change (%) 


3 


-13 


-18 


6 


-13 


-20 


10 


-15 


-25 


Comparative Example 2 


-21 


-38 
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While the invention has been described in detail and with reference to specific embodiments thereof, it 
will be apparent to one skilled in the art that various changes and modifications can be made- therein without 
departing from the spirit and scope thereof. ' ' * ; 

- v.. f * 

Claims . . - • 

1. A fluid composition for use in a viscous coupling, comprising the following components (A) and (B): 

(A) A poiyorganosiloxane having a viscosity of 500 to 500,000 centistokes at 25 represented by 
the following average unit formula (1): , . 

2 

wherein represents a hydrocarboFgroup''^r~ halogena^ hydTocarbdri group; and the suffix a 
represents a number of 1 .9 to 2.1 ; and 

(B) one or more selected from the group consisting of sulfonate, phenate and salicylate. 

2. The fluid composition for use in a viscous coupling according to Claim 1. wherein the content of said 
component (A) is from 90 to 99.99 wt% and the content of said component (B) is from 0.01 to 10 wt%. 

3. * ' thd 'fifiid dbmposltto'h'fortis'^ rn^ viscous' cduMngaccordl^ ^o Claim l/wKerefn ihe viscosity of said 
25 component (A) at 25 • C Is frorn 3,000 to 400,OOjO cSt, _ ^ ^ ' ' / J * 

4. The fluid composition for use in a viscous coupling according to Claim l/wher-ein the viscosity of said 
component (A) at 25 • C is from 5.000 to 400.000 cSt. - ^ . 

30 5. The fluid composition for use In a viscous coupling according topialm 1 , which comprises jone or more 
' selected frdm the d'^bup^^coftsis^^^ compounds arid chlorine 

compounds rdpVesenfed by th^lolfowing^y^^^ (I) to:P<l); \' 7 

• ''{ij Hydrocaiijort'-s'u^^^^ • ' 

35 R2-Sx-(R3-Sx)n-R2. (2) V ..'-v'o'.-'' j-r'^:'';^;., ' : ' ■ 

' wherein represents '^'hydl-dcarbon group;'R^ represents a divalent hydrocarbon group; the suffix .x 

represents an integer 1 or more and may be the same or different in the recurring unit; and the 
suffix n represents 0 or an integer 1 or more; 
40 (li) Sulfurlzed oil or fat which is the reaction product of an oil or fat and sulfur; 

(III) Zinc dithiophosphate represented by the general formula (3): 



20 



45 



50 



. . I \ i. 



Wherein R*. R^. and which may be the same or different each represents a hydrocarbon 
group; 

(IV) Dialkyldithiocarbamic acid metal salt represented by the general fomnula (4): 



55 
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N-C-S-Me-S-C-N^ (4) 

11 



R- 



15 

70 wherein R^, R^, R^° and R^^ which nnay be the same or different each represents an alky I group; and 

Me represents a metal selected from the group consisting of 2n, Pb, Mo and Sb; 

(V) Elemental sulfur; 

(VI) Hydrocarbon sulfide represented by the. general: for,mula (5): 

75 



wherein R^"^* 3.r\6 R^^ each represents a divalent hydrocarbon group; the suffix x represents an integer 
1 or more and may be the same or different^ iri the recu unit; apd the .suffix m represfents 0 or an 
25 ■ ■ integer 1" or nribre'; - .'• - , ^ o .. . . .......... 

(VII) Phosphoric ester, phosphorous ester, thiophosphohc ester or dithiophosphoric ester repre- 
sented by the qeneral, formula (6): ..^ . . : , ^ , . '.!... 7 c, 



(R'*)bH3-bX3PXc (6) 



/ wherein R^* represents a' monovalent hydro^ 2*,pr 3;:the 

suffix c represents 0 or an integer 1'; and/X represents an pxygeri-.atbm!pr su [fur. atom; , ] . . . 
(VIII) Alkylamine salt of acidic 'phosjgliprfc thiophosphoric 
ester or acidic dithiophosphoric ester represented by 4ie general ifbrmuia (6); 
35 (IX) Reaction product of hydrocarbon and phosphorus sulfide; ' ■ - . 

(X) Composition containing phosphorus and nitrogen obtained by neutralizing with an amine the 
^ reaction product of (i) a hydroxy (-substituted ,triester of ^dithiophosphoric acid . represented by the 
general formula (t):* . . / / \ \. .1 . „r 



45 R^^O S-R^'^-OH ' 

(wherein R^^ and R^^ each represents a monovalent hydrocarbon; and R^^ represents a divalent 
hydrocarbon) and (ii) a phosphoric acid, phosphorus oxide or halogenated phosphorus; and 
50 (XI) Diester represented by the general formula (8): 



55 



13 

BNSDOCID:<EP 0599251A1_I.> 



EP 0 599 251 A1 



I 



70 



'CH-G-.9RI8 

CH-C-OR^S' 
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wherein ..R^^ and Rl? each represents an- a^kyhgroup/i n.':** ": ^-y - 
6- The fluid 'composition; for use in a viscous coupfiriS^*acc6rding to 'Claim 5,' wherein ihd added amount of 



25 



said Gompjohenfs' O) to (XI) was from 0^01 to 10 wt%. 
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